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(54) MANUFACTURE OF LIGHT MODULATION DEVICE 

(57)Abstract: . L 

PROBLEM TO BE SOLVED: To improve an SN ratio by increasing a 
change in curvature of reflecting interface and improving a light- 
condensing performance, also to realize miniaturization and space 
saving, and to improve a production efficiency. 

SOLUTION: By this production method, the wiring connecting between 
a piezo-electric element 30 and a driving element 50 can be formed 
relatively easier by comprising a process for forming a driving element 
50 on a substrate 1 1. a process for forming an insulating film 12 on the 
driving element 50, a process for forming a connection terminal part for 
connecting to the driving element 50 on the insulating film 1 2, a 
process for leading out of the connection terminal part a drive wiring 53 
to be connected with either of the electrodes of the piezo-electric 
element 30, a process for pattern-forming a sacrificing layer 70 for 
forming the piezo-electric element 30 via a supporting member at a 
position corresponding to the driving element 50. a process for pattern- 
forming the piezo-electric element 30 on the sacrificing layer 70, a 
process for forming a 1st connection wiring 36 for connecting either of 
the electrodes of the piezo-electric element 30 with the drive wiring 53 
and also forming a 2nd connection wiring 37 to be connected with the 
other electrode, and a process for forming the supporting member by 
removing the sacrificing layer 70. 
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CLAIMS 



[Claim 1] The mirror element which has the mirror membrane structure which reflects light while having the piezoelectric 
device which consists of the 1st and 2nd electrodes which pinch a piezo electric crystal layer and this. In the manufacture 
approach of a light modulation device of having the driver element prepared on the substrate correspond.ng to this mirror 
element The process which forms said driver element on said substrate, and the process which forms an insulator layer on 
said driver element The process which forms the connection terminal area for making connection with said driver element in 
said insulator layer The process which pulls out wiring for a drive connected to one electrode of said piezoelectric devices 
from said connection terminal area, The process which carries out pattern formation of the sacrifice layer for forming said 
piezoelectric device in the location corresponding to said driver element through supporter material, The process which 
forms wiring for the 2nd connection connected to the electrode of another side while forming wiring for the 1st connection 
which connects the process which carries out pattern formation of said piezoelectric device, and one electrode of the 
piezoelectric devices concerned and said wiring for a drive, respectively on this sacrifice layer. The manufacture approach of 
the light modulation device characterized by having the process which removes said sacrifice layer and forms said supporter 

[Ptemi] The manufacture approach of the light modulation device characterized by forming the 1st signal wiring linked to 
the electrode of said another side while forming the wiring for a drive concerned, and connecting the 1st signal wiring 
concerned and said wiring for the 2nd connection after that in claim 1 at the process which forms said wiring for a drive. 
[Claim 3] The manufacture approach of the light modulation device characterized by forming the 2nd signal wiring which is 
further connected to the drain of said driver element, and supplies a signal in claim 2 at the process which forms said wiring 

[Claim 4]The manufacture approach of the light modulation device characterized by setting they being [ any of claims 1-3 ], 
preparing the piezoelectric-device removal section which removed said piezoelectric device at least to said piezoelectric 
device of the field which counters said supporter material and the supporter materia! concerned, separating into said 
piezoelectric-device removal circles superficially, and arranging said wiring for the 1st and 2nd connection. 
[Claim 5] The manufacture approach of the light modulation device characterized by preparing the supporter material 
penetration section which is open for free passage to said supporter material at said piezoelectr.c-dev.ce removal section in 
claim 4 and installing said wiring for the 1st and 2nd connection to the supporter material penetration circles concerned 
[Claim 6] The manufacture approach of the light modulation device characterized by having the process which forms said 
supporter material of the shape of an island corresponding to said driver element in claim 4 or 5 before the process which 

forms said sacrifice layer. m j ■ j -j 

[Claim 7] The manufacture approach of the light modulation device characterized by installing said wiring for a drive and said 
1st signal wiring to a top face through the external surface of said supporter material, and connecting said wiring for a drive, 
said wiring for the 1st connection, and said 1st signal wiring and said wiring for the 2nd connection in said piezoelectric- 
device removal department in claim 6. t . . 
[Claim 8] The manufacture approach of the light modulation device characterized by setting they being L any of claims 1-/ J, 
and one electrode of said piezoelectric devices serving as said mirror membrane structure. 

[Claim 9] The manufacture approach of the light modulation device characterized by setting they being i any of claims 1-7 J. 
and forming the reflective film on one electrode of said piezoelectric devices. 

[Claim 10] The manufacture approach of the light modulation device characterized by said reflective film serving as said 
wiring for the 1st or 2nd connection in claim 9. . 
[Claim 1 1] The manufacture approach of the light modulation device characterized by setting they being L any of claims 1- 
7 ] and forming at least one mirror member which constitutes said mirror membrane structure on said piezoelectric device. 
[Claim 12] The manufacture approach of the light modulation device characterized by setting they being [ any of claims 1- 
11 ] and forming said supporter material in the abbreviation center section of said piezoelectric device while making said 
piezoelectric device into the configuration which spreads in the direction of two dimension from a connection part with said 

supporter material. ... , . • r r i • i 

[Claim 13] The manufacture approach of the light modulation device characterized by setting they being L any of claims 1 
11 ] and forming said supporter material in the longitudinal direction end section while making said piezoelectric device into 
the configuration which spreads in an abbreviation one direction from a connection part with said supporter. 
[Claim 14] The manufacture approach of the light modulation device characterized by setting they being [ any of claims 1 

13 ] and forming said driver element on said substrate which consists of single crystal silicon. 

[Claim 15] The manufacture approach of the light modulation device characterized by setting they being [ any of claims 1- 

14 ], and for said substrate consisting of a substrate with which the insulator or the insulator layer was formed, and forming a 

transistor on said substrate. ...... . >+u i.- u +u 

[Claim 16] The manufacture approach of the light modulation device characterized by being the plug with which the 
conductive member was laid under the contact hole where it set they to be [ any of claims 1-15 ]. and said connection 
terminal area was formed in said insulating layer, or the contact hole concerned. 

[Claim 17] The manufacture approach of the light modulation device characterized by setting they being [ any of claims 1 
16 ], and arranging said 2nd signal wiring and the 3rd signal wiring which is the gate electrode of said driver element in the 

crossing direction. . , . 

[Claim 18] The manufacture approach of the light modulation device characterized by arrang.ng these wiring in the direction 
not crossing so that it may set they to be [ any of claims 1-17 ] and the contact of said 1st signal wiring and 2nd signal 

wiring may not be formed. . , , . , . . r x i • i 

[Claim 19] The manufacture approach of the light modulation device characterized by setting they being L any of claims 1 
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18 ], and grounding said 1st signal wiring. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Slf the Invention] This invention relates to the manufacture approach of the light modulation device for displaying by 
modulating incident light according to deformation of a reflective mirror. 

[Description of the Prior Art] As a light modulation device for displaying by modulating light conventionally For example, the 
hing 22 an electrical potentia. difference is impressed [ thing ] to the electrode prepared on *e substrate, makes a 
So incline according to the electrostatic force etc.. and modulates incident light What makes this mirror incline and 
mediates Tncfdent !ght is known by preparing a mirror on the piezoelectric device which pinched the p.ezo electric crystal 
teye! by tne e^oZ Jyer of a pal impressing an electrical potential difference through a driver element, and mak.ng a 

[SMoreot ViC a e s fusing a piezoelectric device, what form in the front face of a canti.ever-.ike piezoelectric device 
the m rrorfilm which consists of a thin film etc.. and this mirror film is made crooked by making a p.ezoelectnc device 
demand Ganges the direction of incident light is proposed so that a ****** No. 504387 [ nine to ] official report may 
see. 

[Problem(s) to be Solved by the Invention] However, anyway, the light modulation device using such a piezoelectric device is 
thrstructure of the shape of a cantilever which supported the longitudinal direction end section of a piezoelectric device. 
andS order thlt S may change the direction of light and may become irregular by making a piezoelectric device deform only 
Tnto the one direction in alignment with that longitudinal direction in the case of this structure, it has the problem that the 

^F£™£ e ::£™™£ 'it which structure, since wiring which connects the upper electrode whicj 'confutes .* 
Piezoelectric device and a bottom electrode, and a driver element is formed at another process, respecfvely. its production 
process is complicated, and it has the problem that manufacture effectiveness is low. mnrf „, atinn ,w lce wnich 

rO0O6] this invention makes it a technical problem to offer the manufacture approach of the light modulation device which 
enables m Jane spaTe-saving-ization while attributing curvature change of a reflector size, racing the condensing engine 
performance in view of such a situation and raising an SN ratio, and can improve manufacture effectiveness. 

[Means for Solving the Problem] The mirror element which has the mirror membrane structure which reflects light while the 
st mode of thi .nvention which solves the above-mentioned technical problem has the p.ezoelectric device which consists 
of the 1 st° nd 2nd e.ectrodes which pinch a piezo electric crystal layer and this. In the manufacture ^ch rf 
mnri,LtL device of having the driver element prepared on the substrate corresponding to this mirror element The process 
whth forms sad drivel etement on said substrate, and the process which forms an insulator layer on said driver element, 
Thl Process v^cJ forms the connection terminal area for making connection with said driver element in said insulator .ayer. 
The P ocess wh ch pulls out wiring for a drive connected to one electrode of said piezoe ectnc devices from said connection 
terXl area^T "process which carries out pattern formation of the sacrifice layer for forming said piezoelectric device ,n 
theTcatL corresponding to said driver element through supporter material. The process which forms w,r.ng for the 2nd 
connect^ connected to the electrode of another side while forming wiring for the 1 st connection which connects the 
process which caries out pattern formation of said piezoelectric device, and one electrode of the piezoelectric devices 
concerned and said wiring for a drive, respectively on this sacrifice layer, It is in the manufacture approach of the hght 
modulatfon device Characterized by having the process which removes said sacrifice layer and forms sa.d supporter material. 
^08] In ^is Ut mode, wiring which connects a piezoelectric device and a driver element can be formed comparafvely 

easilv irrespective of the configuration of a piezoelectric device. 

[0009] In the 1st mode, at the process which forms said wiring for a drive, the 2nd mode of this invention forms the 1st 
Snal wiring ' fe£d to the electrode of said another side while forming the wiring for a drive concerned, and it ,s in the 
^ZT^vre approach of the light modulation device characterized by connecting the 1st signal winng concerned and said 

tStilSXi 2nd rdT.lrSSr a drive and the 1st signal wiring are formed in the same layer, a production process 

[OOU] T^dmode of this invention is in the manufacture approach of the light modulation device .characterized I by forming 
the 2nd signal wiring which is further connected to the drain of said driver element, and supplies a signal in the 2nd mode at 

^^^^^ZA^:, the 1st signal wiring, and the 2nd signal wiring are formed in the same layer. 

which voice - K sets .ike. the piezoe.ectric-device removal section which 

moved satd piezoelectric device at least to said piezoeiectric device of the field which counters ^^^^ 
the supporter material concerned is prepared, and it is in the manufacture approach of the hght modulation device 
characterized by separating into said piezoelectric-device removal circles superficially, and arranging sa.d w.nng for the 1st 

SlSln^hisTthmode. wiring with a piezoelectric device and a driver element can be formed in piezoelectric-device 

[001°5?^ of this invention prepares the supporter materia, penetration section which is open for 

free passage > tc , saTc I supporter materia, at said piezoe.ectric-device removal section, and is ,n the manufacture approach of 
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the light modulation device characterized by installing said wiring for the 1st and 2nd connection to the supporter material 
Denetration circles concerned. 

[0016] In this 5th mode, wiring with a piezoelectric device and a driver element can be formed comparatively easily through 
the supporter material penetration section. . j u u 

T00171 The 6th mode of this invention is in the manufacture approach of the light modulation device characterized by having 
the process which forms said supporter material of the shape of an island corresponding to said driver element before the 
process which forms said sacrifice layer in the mode of the 4th or 5 

f 001 81 In this 6th mode, a piezoelectric device is supported through island-like supporter material. 

[0019] In the 6th mode, the 7th mode of this invention installs said wiring for a drive and said 1st signal wmng to a top face 
through the external surface of said supporter material, and is in the manufacture approach of the light modulation dev.ce 
characterized by connecting said wiring for a drive, said wiring for the 1st connection, and said 1st signal wiring and said 
wiring for the 2nd connection in said piezoelectric-device removal department. 

[0020] In this 7th mode, after forming island-like supporter material, a piezoelectric dev.ce etc. is formed, and w.nng with a 
oiezoelectric device and a driver element can be connected easily and certainly on supporter material. 

[0021] the 8th mode of this invention — which 1-7th voice — it sets like and one electrode of said piezoelectric devices is 
in the manufacture approach of the light modulation device characterized by serving as said mirror membrane structure. 
[0022] In this 8th mode, since the mirror film and one electrode are formed at the same process, a production process can 

[0023] The 9th mode of this invention is in the manufacture approach of the light modulation device characterized by forming 
the reflective film on one electrode of said piezoelectric devices in which 1-7th modes. 

[0024] In this 9th mode, since the reflective film can be chosen apart from an electrode layer, the mirror film with a high 

reflection factor can be formed. , . % ■ . . 

[0025] The 10th mode of this invention is in the manufacture approach of the light modulation device characterized by said 
reflective film serving as said wiring for the 1 st or 2nd connection in the 9th mode. 

[0026] In this 10th mode, since the reflective film constitutes a part of piezoelectric device and driver element of wiring, a 

production process is simplified. , 

[0027] The 1 1th mode of this invention is in the manufacture approach of the light modulation device charactenzed by 
forming at least one mirror member which constitutes said mirror membrane structure on said piezoelectric dev.ce in which 

[00 7 28]Tn this" 1 1th mode, since light is reflected by the mirror member, a flat reflector is acquired also at the time of a drive. 
[0029] the 1 2th mode of this invention — which 1-1 1th voice — it sets like, and while making said piezoelectric device into 
the configuration which spreads in the direction of two dimension from a connection part with said supporter material, it is in 
the manufacture approach of the light modulation device characterized by forming said supporter material in the abbreviation 
center section of said piezoelectric device. 

[0030] In this 12th mode, the light modulation device which the mirror element was deformed in the shape of a curved 
surface and improved curvature variation can be manufactured comparatively easily. 

[0031] the 13th mode of this invention — which 1-1 1th voice — it sets like, and while making said piezoelectric device into 
the configuration which spreads in an abbreviation one direction from a connection part with said supporter, it is in the 
manufacture approach of the light modulation device characterized by forming said supporter material in the longitudinal 

direction end section. .... j . ^ ^ 

[0032] In this 13th mode, a piezoelectric device is supported In the state of a cantilever, and the light modulation device 
which deforms an edge as the supporting point can be manufactured comparatively easily. 

[0033] The 14th mode of this invention is in the manufacture approach of the light modulation device charactenzed by 
forming said driver element on said substrate which consists of single crystal silicon in which 1-1 3th modes. 
[0034] In this 14th mode, a driver element can be formed comparatively easily on a substrate. 

[0035] In which 1-1 4th modes, said substrate consists of a substrate with which the insulator or the insulator layer was 
formed, and the 15th mode of this invention is in the manufacture approach of the light modulation dev.ce characterized by 
forming a transistor on said substrate. 

[0036] The engine performance of a driver element can be improved in this 15th mode. 

[0037] The 16th mode of this invention is in the manufacture approach of the light modulation device charactenzed by being 
the plug with which the conductive member was laid under the contact hole where said connection term.nal area was formed 
in said insulating layer, or the contact hole concerned in which 1-1 5th modes. 

[0038] In this 16th mode, a driver element and wiring for a drive are connected through a contact hole or a plug. 
[0039] The 17th mode of this invention is in the manufacture approach of the light modulation device characterized by 
arranging said 2nd signal wiring and the 3rd signal wiring which is the gate electrode of said driver element in the crossing 

direction in which 1-1 6th modes. .... i_ u 

[0040] In this 17th mode, the piezoelectric device of the part which these intersect can be alternatively driven by choosing 
any of the 3rd signal wiring with any of the 2nd signal wiring they are. 

[0041] In which 1-1 7th modes, the 18th mode of this invention is in the manufacture approach of the light modulation device 
characterized by arranging these wiring in the direction not crossing so that the contact of said 1st signal wmng and 2nd 
signal wiring may not be formed. . . 

[0042] In this 18th mode, the 1st signal wiring and the 2nd signal wiring do not connect too hastily, and these wiring can be 

formed on the same flat surface. 

[0043] The 19th mode of this invention is in the manufacture approach of the light modulation device characterized by 
grounding said 1st signal wiring in which 1-1 8th modes. m 
[0044] In this mode of 19, an electrical potential difference can be easily applied to the 2nd signal wiring and the 3rd signal 
wiring on the basis of the 1 st signal wiring. 

[Embodiment of the Invention] Hereafter, this invention is explained to an operation gestalt and ******** is explained to a 

[0046] (Operation gestalt 1) Pxawing.1 is the perspective view showing the outline of the light modulation device concerning 
the operation gestalt 1, and drawing 2 is the sectional view showing the one mirror element. 

[0047] As shown in drawing J , as for the light modulation device 10 of this operation gestalt. it has the mirror substrate 11 
formed with the silicon (Si) substrate whose thickness is 500 micrometers, the mirror element 20 prepared in the shape of a 
two dimensional array on this mirror substrate 1 1 , and the driver element 50 made to deform this mirror element 20. 
[0048] The mirror element 20 is formed in the shape of [ of for example. 1280x1024 elements ] a two dimensional array, and 
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each mirror element 20 has the piezoelectric device 30 which has the bottom electrode layer 32 the p.ezo electric crystal 
faver 33 and the upper electrode layer 34 which were formed on the elastic plate 31. and the reflective film 35 which 
continued a S over abbreviation and was prepared on the upper electrode layer 34 of this piezoelectric devce 30. as shown ,n 
drawing Moreover the through tube which one side has the abbreviation square which is about 20 micrometers, and the 
tonu Je of each mirror element 20 mentions later in the abbreviation core is formed. Moreover, wrth th.s operation gesta t, 
ft has cyHndricarshape- ike supporter 31. in the abbreviation center section of the elastic plate 31. and the mirror element 
20 is betS S to the mirror substrate 1 1 through this supporter 31a. Namely, the field of 20 micrometers of one-s.de 
aobrevration L transformed by these mirror elements 20 by using this supporter 31a as the supporting po^t Although 
espedany the ^outer diameter of supporter 31a holding such a mirror element 20 is not limited. rt ,s des.rab.e that ,t ,s smal. 
as much as Dossible in the mirror element 20 at extent which can be held certainly. 

[0049 1 Moreover the through tube 40 which penetrates these and exposes the mirror substrate 11 is formed ,n the mirror 
LlemeJ -20 of tte field which counters this supporter 31a and this, and the upper electrode layer 34 of a driver element 50 
and a Sezoe.ecJrlc device 30 and the bottom electrode layer 32 are connected to it through this through tube 40. 

rOOoofThtdriver element 50 is a transistor which drives a piezoelectric device 30. for example is the n channel MOS 
Jransistor prepare in^he silicon substrate of p mold corresponding to each mirror element 20 These dnver elements 50 a e 
nfd wK lsl interlayer insulation film 12. and each mirror element 20 is formed through supporter 31 a ,n fact on this 

l^H^t^e^co^or^on <* the MOS transistor which is the driver element 50 which drives a piezoelectric 
device 3 ^ s explained. An MOS transistor has the source 51 and the drain 52 with which the donor was doped by two places 
SET mirror substrate 1 1 which is p form silicon substrate, respectively, as shown in drawingj . It connects with the bottom 
e ectroXZer Ifof a piezoelectric device 30 through drive wiring 53 grade, and the 1st signa. line 54 is connected to the 
Surce 51 ^the upper electrode layer 34. Moreover, the 2nd signal line 55 is connected to the dram 52. and the gate 
»l»^+r n H P 56 is formed through gate dielectric film 59 between these sources 51 and a drain 52. 

te0?2 ft the MOS transfer of such a configuration, if forward bias voltage is impressed to the gate electrode 56 to the 
L0052J in thewos vn a e , ectrica| potentia | difference impressed to 

^nTface^ be carried out to the mirror substrate 11 which is p form silicon substrate by 

^J^tateMurioZ and the channel 57 which is an electronic path will be formed in rt of ,t on the semi-conductor front 
electrostatic ^ ndurtion • Q , f f d electrica | potential difference is impressed to a dram 52 to the source 

sTattiftime the eUctro'n poSeo the source 51 will move to a drain 52 through a channe. 57. That is. a current 
flows between 'a drain 52 and the source 51, and a piezoelectric device 30 drives to rt. 

r0053 I Here the wTring structure of the piezoelectric device 30 and driver element 50 concerning this operation gestalt ,s 
eSed is the top view in which the driver element 50 showed one typically. In addrt.on. cW^ serves as 

t^^l^t^^l^^A^n^on terminal area 58 which connects the bottom e.ectrode layer 32 
and ^the sourcel ofTdT^ elemenToO^ the 1st interlayer insulation film 12 of the field corresponding to the through 
! k An ITI^nlrtlr 31a is formed This connection terminal area 58 consists of these operation gestalten by installing the 
drfve wir^g to^i-cL 51 at this contact hole 12a on the 1st interiayer insulation film 12 while contact hole 
?2a wh c expose" the source 51 to the 1st interlayer insulation film 12 is formed. And the drive wiring 53 used as th.s 

t Tmin a l area 58 and the bottom electrode layer 32 are connected by the connect.on wiring 36 for bottom 
£££ Sled' bTa part of circumferencia. direction on the 2nd interlayer insulation film 1 3 prepared in the through 
tube 40 In addrtion this connection terminal area 58 is good also as a configuration which ,s not limited to the configuration 
wSch fi^n^s the drive wiring 53 in contact hole 12a. but lays plug members, such as a tungsten (W) under the contact hole 
vZ Ihrou^h contact hi 12a formed in the 1st interiayer insulation film 12 that what is necessary .s just the configuration ,n 
Sc^hetottTm e ectrode layer 32 and connection are possible, and connects this and the bottom electrode layer 32. 
foOoS] MoreovTthe 1st signal line 54 which supplies a signal to the upper electrode layer 34 at the both sides ; of this 
58 and the 2nd signal line 55 linked to the drain 52 of a driver element 50 are .nstalled m the 
diction which car ies out an abbreviation rectangular cross by the gate electrode 56 wrth this operation gestalt. 
?espSe^r[0056] This 1st signal line 54 is formed so that it may be located in the field to which the crosswise end section 
counters the through tube 40 of supporter 31a at least, and it is grounded at the edge of that ir.stallat.on direction. Moreover, 
t^ Tst signal le 54 and the upper electrode layer 34 are connected by the connection wiring 37 for upper electrodes 
f^lfed on the 2n a interlayer insulation film 13 prepared in the through tube 40. For example with this operation gestalt. the 
reflective film 35 serves as the connection wiring 37 for upper electrodes, and the reflective film 35 is instaHed in a part of 
reflective rum oo serv . . 4Q f th r electrode layer 34. and .s connected to outcrop 54a of the 

ZZSSZfSES the mTgna, line 54. In addition, it'eannot be overemphasized that the reflective fi.m 35 and the 

SffSS^St £SSSZ£2ZX ZS^S^SSS'^ both as the connection wiring 36 for bottom 
ESJ^^^rtK wiring 37 for upper electrodes is certainly insulated, although installed on the 2nd interlayer 
£££Tl£ 1 S rt i on the s 6 ame flat surface. That is. although phase opposite is carried out, and these connection 
2^36 and 37 ^formed in the through tube 40 by predetermined width of face and ,s later mentioned in detail in the 
installation direction, it is certainly insulated with the 2nd interlayer insulation film 13. 

^]!E£S^Sh this operation gestalt. the 2nd signal line 55 is formed in the outs.de of supporter 31a. and is 
TnnL^T^^M 52 through contact hole 12b prepared in the 1st interlayer insulation film 12 of the field which 

roS e Wittsu d ch in a Llgurata teTsVed piezoelectric device 30 can be made to impress and drive an electrical potential 
dTricfalLrnative'Ty actuation of the above driver elements 50. and deformation control of the mirror element 20 can 

[oVeoSoug'hiuch a manufacture approach especially of the light modulation device 10 of this operation gestalt was not 
mited i was manufactured at the following processes by this operation gestalt. In addition, drawmgj and drawm^ are the 
r.t?on»l vtews showing the manufacture approach of the light modulation device of this operation gestalt. 
00 ] F rs as snolfn drawing 5 (a), contact hole 12a which exposes the source 51 is formed in the field which counters 
[he source 51 of a driver "element 50 by forming the 1 st interlayer insulation film 1 2 on the mirror substrate 1 1 in which the 
driver e ement 50 which is an MOS transistor beforehand was formed, and carrying out patterning to the s. con substrate of 
P mold after that Especially if the quality of the material of this 1st interlayer insulation fi.m 12 is an insulating materia.. ,t will 
not be limited for example, silicon nitride, oxidation silicon, etc. can be used for it. 

[$62] Next as shown in dr___ing_5 (b), the drive wiring 53. the 1st signa. line 54. and the 2nd s,gna. line 55 are formed on the 
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1st interlayer insulation film 12. That is, it considers as the drive wiring 53. the 1st signal line 54, and the 2nd signal line 55 by 

forming the wiring film 60 all over the 1st interlayer insulation film 12 top. and carrying out patterning after that. 

[0063] Next as shown in drawing 5 (c), while forming the sacrifice layer 70, patterning is carried out and the sacrifice layer 

removal section 71 is formed corresponding to each mirror element 20. This sacrifice layer 70 was for forming supporter 31a 

corresoonding to each mirror element 20, although especially that ingredient was not limited, it was desirable to have used 

polish recon or phosphorus dope silicon oxide (PSG), and PSG with a comparatively quick etching rate was used for it with 

this operation gestalt, for example. , 

[00641 Next as shown in drawing 5 (d), in accordance with the configuration of the sacrifice layer 70, the laminating of the 

elastic plate 31 which constitutes a piezoelectric device 30, the bottom electrode layer 32. the piezo electric crystal layer 

33 and the upper electrode layer 34 is carried out one by one. 

[0065] Although the ingredient of an elastic plate 31 was not especially limited when it was an ingredient which has the 
Predetermined rigidity in which elastic deformation is possible, it was used as the elastic plate 31 which oxidizes thermally 
with the 500-1 200-degree C diffusion furnace after forming a zirconium layer, and consists of a zirconium dioxide with this 

[0066]^^ of the bottom electrode layer 32. platinum etc. is suitable. It is because the piezo electric crystal 

layer 33 which forms membranes with the sputtering method or a sol-gel method needs to calcinate and it is necessary to 
crystallize it at the temperature of about 600-1000 degrees C under an atmospheric-air ambient atmosphere or an oxygen 
ambient atmosphere after membrane formation so that this may be mentioned later. That is, when conductivity must be able 
to be held under such an elevated temperature and an oxidizing atmosphere and titanic-acid lead zirconate (PZT) is 
especially used as a piezo electric crystal layer 33. as for the ingredient of the bottom electrode layer 32. it is desirable for 
there to be little conductive change by diffusion of lead oxide (PbO). From these reasons, platinum was formed by sputtering 

with this operation gestalt. .... ^. _• * 

[0067] As an ingredient of the piezo electric crystal layer 33. it was desirable, and with this operation gestalt, the ingredient 
of a titanic-acid lead zirconate (PZT) system carried out spreading desiccation, gelled the so-called sol which dissolved and 
distributed the metal organic substance at the catalyst, and formed the piezo electric crystal layer 33 using the so-called 
sol-gel method used as a metallic oxide by calcinating at an elevated temperature further. In addition, especially the 
membrane formation approach of this piezo electric crystal layer 33 is not limited, for example, may be formed by the 

sputtering method. , . . . . 

[0068] Furthermore the approach of carrying out crystal growth at low temperature with the high-pressure approach in the 
inside of an alkali water solution after forming the precursor film of titanic-acid lead zirconate by the sol-gel method or the 
sputtering method may be used. . . 

[0069] The upper electrode layer 34 can use a metal, a conductive oxide, etc. of many, such as aluminum, gold, nickel, and 
platinum, that what is necessary is just a conductive high ingredient. With this operation gestalt, platinum is formed by 

[OOToTNext as shown in drawing 6 (a), patterning of the upper electrode layer 34 and the piezo electric crystal layer 33 
which constitute a piezoelectric device 30 is carried out by etching. Then, as shown in drawing 6 (b), patterning of the 
bottom electrode layer 32 and the elastic plate 31 is carried out by etching, and while forming each piezoelectric device 30 
which constitutes the mirror element 20. the through tube 40 which exposes the drive wiring 53 and the 1st signal line 54 is 
formed in the abbreviation center section of each piezoelectric device 30. At this time, it is desirable to carry out patterning 
of the edge by the side of the through tube 40 of the bottom electrode layer 32 so that it may be located inside the piezo 
electric crystal layer 33 at least, and to expose the front face of the bottom electrode layer 32 

[0071] Next patterning is carried out, while covering a piezoelectric device 30 and a through tube 40 and forming the 2nd 
interlayer insulation film 13, as shown in drawing 6 (c). While forming upper electrode outcrop 34a which leaves both ends, 
continues all over circurnferencial direction abbreviation, and the upper electrode layer 34 exposes on the upper electrode 
layer 37 by patterning in detail, bottom electrode outcrop 32a which some front faces of a circurnferencial direction expose 
is formed on the bottom electrode layer 32. Furthermore, while forming drive wiring outcrop 53a which the part exposes at 
least on the drive wiring 53 on the mirror substrate 11. signal-line outcrop 54a which the part on the 1st signal line 54 

[0072] e Thus° while the insulation with the connection wiring 36 for bottom electrodes and the connection wiring 37 for upper 
electrodes which are formed at the following processes with this 2nd interlayer insulation film 13 is achieved by carrying out 
patterning of the 2nd interlayer insulation film 13. the insulation with the drive wiring 53 and the 1st signal line 54 is achieved. 
In addition, as an ingredient of this 2nd interlayer insulation film 13, polyimide besides silicon nitride and oxidation silicon may 
be used like the 1st interlayer insulation film 12. 

[0073] Next as shown in drawing 6 (d). while forming the reflective film 35 on the upper electrode layer 34, the connection 
wiring 36 for bottom electrodes and the connection wiring 37 for upper electrodes are formed in the inner skin of a through 
tube 40 With this operation gestalt. the reflective film 35 serves as the connection wiring 37 for upper electrodes, and this 
reflective film 35 and the connection wiring 36 for bottom electrodes are formed by the same flat surface, i.e.. the same 
layer Therefore while forming the connection wiring film 61 used as the reflective film 35 and the connection wiring 36 for 
bottom electrodes [ the inside of a through tube 40 ] from on the upper electrode layer 34. it can form by carrying out 
patterning and dissociating. That is. while continuing all over abbreviation on the upper electrode layer 34 and forming the 
reflective film 35 the connection wiring 37 for upper electrodes is installed from some reflective film 35 to signal-line 
outcrop 54a succeeding a part of circurnferencial direction of a through tube 40. Furthermore, the connection wiring 36 for 
bottom electrodes which connects bottom electrode layer outcrop 32a and drive wiring outcrop 53a to a part of 
circurnferencial direction of a through tube 40 is formed. 

[0074] In addition, as an ingredient of such connection wiring film 61. since the- reflective film 35 serves as the connection 
wiring 37 for upper electrodes with this operation gestalt. it is a conductive ingredient, it is desirable that the reflection 
factor of light is high, for example, it is desirable to use aluminum (aluminum) or silver (Ag). 

[0075] Then etching removes the sacrifice layer 70. With this operation gestalt. as an ingredient of the sacrifice layer 70. 
since PSG was used, it etched with the fluoric acid water solution. !n addition, when polish recon is used, it can etch with the 
mixed water solution of fluoric acid and a nitric acid, or a potassium-hydroxide water solution. 

[0076] The above is a series of production processes of the light modulation device of this operation gestalt. In addition, 
what is necessary is just to connect the 2nd signal line 55 and a drain 52 to the 1st interlayer insulation film 12 of the field 
which counters a drain 52 by forming a through tube etc. like the connection of the drive wiring 53 and the source 51. 
although connection between the 2nd signal line 55 and the drain 52 of a driver element 50 .s not explained 
[0077] Here actuation of the light modulation device of this operation gestalt formed in this way is explained. In addition. 
drawing 7 is'drawing having shown typically the optical path of the light irradiated by the light modulation device and hght 
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modulates .ight by making the mirror element 20 deform. With this operate 
lestalt The SroT element 20 has become almost flat in the condition that an electrics potent.al drfference ,s not impressed 
Sf^^ZSL 30. and if an e.ectrica. potentia. difference is impressed to a piezoelectnc dev.ce 30 by swrt^g of 

^^^^^ 

00 1 to the mirro element 20 in the location which carries out phase opposite, as shown .n drawing 7 . This P^ect^-from 



SoBO] WtTslh a configuration, in the condition that the e.ectrica. potentia. difference is -t impressed to piezoelectric 
L0080J WOT i sucn a , cog carried ^ ^ abbreviation rjght angle to the reflective film 35 of 

20A outgoing radiation of the incident light 90 is carried out by the incident light way and the abbrev.at.on 
m,rror element 20A oi^-ngr f££ ™ « . deformed by the driver element SO where an electrical 

same optical patK On he otte ^hand. - d ft becomes , concave mirror by it , afte r being reflected, ,t 

defols se^es al OFF in the example mentioned above, it can also set up so that it may become th,s and reverse. 

fn supped 31a Thereby, from supporter 31a. a piezoe.ectric device 30 can reaUze the light modulation dev.ee of structure 
inrtaMed in the direction of two dimension, and can also form the wiring comparatively easily. 

mail I Therefore compared with the configuration made to hold and transform the perimeter of a mirror element, the light 
mSatTon dl^ ce wWch enlaced deformation of a mirror element enough is realizable. Moreover the numencal aperture of a 
reflectors trge and eflective effectiveness of a light modulation device [. such ] improves. Furthermore, the rate of 
condensing is Wgh and a light modulation device with a large SN ratio can be realized. Moreover, since wiring of a 

rJlt^ltric device which connects an upper electrode layer and a driver element at least is prepared in the part which does 
SZ^JZS^ZZ^ element'], deformation is not restrained with wiring and performance degradation can be 

SS Moreover, with the operation gestalt mentioned above, although the 1st signal line 54 was grounded at the edge of the 

wSS^SS^ »£2£bZZ. sectional view of the .ight modulation device concerning the operation gestalt 2. 

r0085] This operation gestalt is the example which formed the supporter material which supports the mirror element 20 by 

1 7™.Xr1n the mirror element 20 With this operation gestalt As shown in drawing 8 . the .sland-l.ke supporter 
Z^Z ToTs forme ^ onTmUorTubstrate the mirror element 20 is fixed on the mirror substrate 1 1 through th.s supporter 
materia! 8u and 7enetratfon section 40A which the front face of the supporter material 80 exposes is prepared ,n the field 

S&Teo^ contact hole 12a which exposes the source 51 of a driver element 50 is formed 

! tSe 1 s ^interlayrinsulation film 1 2 of the outside of the supporter material 80. the drive wiring 53 ,s mstalled on the 
Lunoorter material 80 of the field which counters penetration section 40A from this contact hole 12a. and I rt connects with 
*£ h£onSec«od e layer 32 through the connection wiring 36 for bottom electrodes within this penetrat.on section 40A. 
the bottom ^ e £ rot £ * \\ ™™f . „ ed on the supporter ma terial 80. and rt connects with the upper electrode layer 
KSt 'SKlt, M JS sett as the connection wiring 37 for upper electrodes on the supporter mater.a. 80 
nf the field which counters penetration section 40A. , 

<=howin E the oroduction process of the light modulation device concerning the operation gestalt 2. 

rS First as shown in drawing 9 (a), corresponding to each mirror element 20. the island-hke supporter matenal 80 is 
K ?<£?«ZZ rflSTiiTrt.H.v e r in.ul.tion film 12 to ..oh .bout 60 support m.mbe, of fh. HX .nf.rl.yor 



remStooT .. «oo» in dr.winpP (o). .h. driv. »irin, 53. th. 1* .i.n.1 lio. 54. .nd tho 2nd .iin.l «"•»»• '"T" °" 

^^^^ 

70 - t e Te ig o \t SSTSSi cf tongue of this piezoelectric device 30. and the height of the top face of the 
luppoier materia. 80 - abbreviation - the same thing is desirable. Therefore, as for th.s sacrifice .ayer 70. ,t ,s desirable to 
form in the height of the supporter material 80 and abbreviate ident.tas. 
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[0092] In addition the light modulation device of the configuration of this operation gestalt can be manufactured after that 
tike the production process of the operation gestalt 1 shown in drawings by remov.ng the sacr.fice layer 70 for a 
myoelectric device 30 and reflective film 35 grade after formation and patterning. 

K.0931 Also X .the configuration of such this operation gestalt, wiring which connects the upper electrode layer 34 of a 
SezoeleSc devke 30 and the bottom electrode layer 32. and a driver element 50 can be formed comparat.vely easily hke 
the opSo; gestalt 1. and the light modulation device which enlarged deformation of a m.rror element enough can be 



00941 In addition although considered as the configuration which makes connection between the drive : w.nng 53 and the 
connection w ring 36 for bottom electrodes etc. on the supporter material 80 with this operation gestalt, the free passage 
SSb^hM to this, for example, is open for free passage to the mirror substrate 1 1 at supporter matena. ,s 

foO^Other option ~£ J^^^ HmSd^^rln gesta, which mentioned above the light modulation 
S of thfe invention although each operation gestalt of this invention was explained above, connect.cn w.nng wrth a 
myoelectric device and a driver element can be formed anyway comparatively easily. 

[MM] .^ough the reflective film 35 shall act as a concave mirror. * is not limited to th.s but adjusts membrane 

formation ^conditions etc suitably, and you may make it make it act as a convex mirror with the operation gestalt mentioned 

[009 V 7] Moreover although the light modulation device which supports the mirror element 20. for example, a pi«°electn° 
device 30 stalled in the direction of two dimension from the part correspond^ to the supporter matena 80 and deforms 
the mirror element 20 in the shape of a curved surface by using the part corresponding to this «^P«*«™£~ ' 80 85 the 

SZtina noint was illustrated with the above-mentioned operation gestalt for example As it is not limited to this 
conCatior^ for Txamp e fs shown in drawing 10 (a), mirror element 20C is installed in an abbreviation one direction from 
sujXr IteriarSOA and this invention is applicable even if it is the configuration of hav.ng been supported by supporter 

flfiA in thP <;tate of the cantilever in that longitudinal direction end section. 
a^JS^^^^co^m^ -hich formed the reflective fi.m 35 on the piezoelectric device 30. and ^was use6 
as Te m^or element 20 was illustrated with the above-mentioned operation gestaft for example As rt ,s not limited to this, 
for sample is shown in drawing 10 (b). with supporter material 80of piezoelectric-dev.ce 30A supported by supporter 
materfaTeOA Tn the state^a£iie~ver A near the edge of the opposite side A connection with a mirror member can be 
formed and thte invention can be applied also as mirror element 20D which formed the m.rror member 90 
jSSS I Moreove, . ^ou may m»ke it arrange more than one on the piezoelectric device which deforms such a m.rror member 

■n +h*» «:hane of F above 1 a curved surface, of course. . . 

01 uOlturthen^orrrt is good also as a configuration whose mirror element for example, installs wiring with a p.ezoelectnc 
dele 30 andTdnve e.ement 50 in the peripheral face of supporter material 80A in this way with the conf,gu ra t,on 
aev.ce Ju ano a cant ilever That is you may make it install connection wiring 36for bottom electrodes A and 

Section"™ ring 37A £Jj£2SE£t mirror substrate 1 1 through the periphera. face of supporter material 80A. 
without preparing a through tube in mirror element 20C and supporter material 80A. as shown ,n draw.ng 11 Moreover 
conTJon ^g 36A for bottom [ this ] electrodes and connection wiring 37Afor upper electrodes can be bo.ted by. for 
examS inserting the 3rd interlayer insulation film 14 in between so that it may illustrate, and can be performed more eas.ly. 
Moreover you may make it. install both [ these ] connection wiring 36A and 37A in the .ocat,on where the crcumferenc.al 
directions of supporter material 80A differ, of course. 

Sl 0? The example of a configuration at the time of making it act on below as the example of a configurat. o of th • •«£ 
modulation device which used except the protection-from-light dot array, and a convex m.rror ,s shown In addrtion. although 
Tw^toTZfigunfon to which incidence of the incident light is carried out through the configurat.on and m.rror 
subst ate which possess a mirror substrate on both sides is not illustrated, a suitably selectable th.ng cannot be 
overemphasS. Moreover, although the effectiveness that this invention does not need the spec.al opt.ca. syste^h 
mles a reflect or condense incident light by improvement in the condensing engine performance .s done so. the opfcal 
wstem wnich makes incident light condense may be used, and. below, such a configurat.on is also shown. 
BnOflTh. out^ne configuration of the light modulation device which formed the pinho.e array 1 10 and the macro lens array 
20 is sholnt drawing 12 instead of the protection-from-light dot array 100 mentioned above. Here the p.nhole array 110 
has a Pintle innlhelocation which counters each mirror element 20. and each macro ens array 20 has a convex lens 
1 zl tn thetcation which counters each mirror element 20. In addition, each pinhole 1 1 1 of the p.nhole array 1 10 ,s formed 
npar th*. focus of mirror element 20B which deformed. . 
[0103] Although the light which carried out incidence to mirror element 20B which deformed passes through the p.nhole 1 1 1 
of the pinhole array 10 and it returns in this light modulation device, the light which carried out incidence to nwror element 
20A which tsnordeforming is intercepted by the protection-from-light section 112 of the p.nhole array 110 
[01 04] That is. in this example, contrary to the example mentioned above, the case where a m.rror element .s deformed .s 
riM an ri the case where it has not deformed serves as OFF. m . 

S?05] Ir I add-on the mirror element 20 is made to deform so that the opposfce side may serve as a convex .n the m.rror 
substrate 1 1 and even if it acts as a convex mirror, it can consider as a light modulation device 

[0106 Mo eover in each operation gestalt explained above, a piezoelectric device 30 and the m.rror substrate 1 1 which 
counters are Merged in the case of deformation of a piezoelectric device 30. and deformat.on of a p.ezoelectnc dev.ce 30 
nTy be checked X electrostatic force. Therefore, in order to solve such a problem, in addrtion to the configurat.on 
mended above, it may be made to make the mirror substrate 11 which counters the bottom electrode layer 32 of a 
Sezodectric dev ce 30 into the bottom electrode layer 32 and abbreviation same potent.al wh.ch counter further. Namely, a 
Srateis So changed into a touch-down condition at the case in the condition that the electrode which carr.es o* 
phase opposite is grounded with the common electrode. By this, electrification by the potent.al drfference of the electrode of 
a piezoelectric device 30 and a mirror substrate stops arising, deformation of the mirror element 20 .s not checked, and the 
fall of the amount of displacement of the mirror element 20 can be suppressed 

[0 07] Moreover for example, a counterelectrode is prepared on the mirror substrate 1 1 wh.ch counters the bottom 
electrode ayer 32 and you may make it impress an electrical potential difference so that electrostatic force may ar.se .n the 
d rection which assists ^formation of a piezoelectric device 30 between this counterelectrode and the bottom electrode 
layer 32 ! S? I such a configuration, the amount of displacement of the mirror e.ement 20 can be made to be able to .ncrease 
further, the rate of condensing can be raised further, and improvement in an SN ratio can be a.med at. 
[0108] Furthermore, with the operation gestalt explained above, although wiring to the bottom electrod \ laye /. ' e ' ch 
mirror element 20 or the upper electrode layer 34 installed even the mirror substrate 11 through supporter 31a or the 
supporter materia. 80 altogether, it is not limited to this. For example, only wiring to the bottom electrode layer 32 may be 
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■nulled to the mirror substrate 11 through supporter 31a etc., and in supporter 31a etc., wiring of the upper electrode layer 
T™y b :Z™*™ot£ a part of point of the opposite side may be contacted. In this case, it cannot be overemphas.zed 
that it is necessary to make it not bar deformation of a piezoelectric device 30. 

{Effect of the Invention] Since connection wiring with a piezoelectric device and a driver element was prepared in .^porter 

material fwhHe supporting the mirror element by supporter material, it can be made to deform m the shape of an abbrev.at.on 

^eT ^ce ^the light modulation device manufactured by the ™^% 8 PP^ 

explained above being able to use a connection part with supporter matenal as the supporting pent. Thweby. 

chanTe of a i mirror element can be enlarged enough and the rate of condensing can be improved remarkably. Therefore, even 

if it miniaturizes the effectiveness that sufficient curvature change is obtained is done so. 

fo IlO M^eover in th* invention, two or more wiring which connects a driver element and a piezoelectnc devce was 
Mill ^through sCpporte material. Moreover, since some of these wiring were formed at the same process, a product.cn 
process can be simpLd and the effectiveness that a production process can be .mproved is done so. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. S 
2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



the translation may not reflect the original precisely. 



DESCRIPTION OF DRAWINGS 



KjhUjl^SiSS^ lowing «•» — » ° f the "*» modU,atl ° n deViCB C ° nCeming *° ° Perati ° n 6CSta,t 1 ° f 
[SiSS 0 !"' is the important section sectional view of the light modulation device concerning the operation gestalt 1 of this 
["prawin e a] They are the sectional view showing the outline of the driver element concerning the operation gestalt 1 of this 

jSSflj tlSZ&Z^™ oTtSne S^d riJer element concerning the operation gestaK 1 of this invention. 
B S It £ the sectional view showing the manufacture approach of the light modulat.on dev.ce concerning the 

SS^S^^JIS^^^ the manufacture approach of the light modulation device concerning the 

g^^tll^Sfcl view of the optical system of the light modulation device concerning the operation 

fgS&j tl 'theTmp'rtant section sectional view of the light modulation device concerning the operation gestaft 2 of this 

jS£ffy 9 ] It is the sectional view showing the manufacture approach of the light modulation device concerning the 

ISSSIS UL the' p^rUect^ew showing the outline of the light modulation device concerning other operation 

ESSTU |! is'TeTmportant section sectional view of the light modulation device concerning other operation gestagen of 

rDrawi V ng n i23 n it is the outline sectional view of the optical system of the light modulation device concerning other operation 
gestalten of this invention. 
[Description of Notations] 

10 Light Modulation Device 

1 1 Mirror Substrate 
20 Mirror Element 

30 Piezoelectric Device 

31 Elastic Plate 
31a Supporter 

32 Bottom Electrode Layer 

33 Piezo Electric Crystal Layer 

34 Upper Electrode Layer 

35 Reflective Film 

36 Connection Wiring for Bottom Electrodes 

37 Connection Wiring for Upper Electrodes 
40 Through Tube 

50 Driver Element 

53 Drive Wiring 

54 1 st Signal Line 

55 2nd Signal Line 

80 Supporter Material 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precise! 

2, **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS _ 
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[Drawing 8] 
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[Drawing 3] 
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[Drawing 6] 
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[Drawing 10] 

(a) 20C 
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{cj£#.&j&tK4 -r 4 fttcfrga^»»«rfrsaEa3RT- 
[19*31 1 3 ] 19*31 1 ~ 1 1 ©{Djn^jcfct^^ mr 

laff^^f %«rKS^ffflJi Wf—*ISI«C|E 

^sp^c^jst s c 4 4-r s jb»^< -f 7 <Dmm 
m^m 1 4 ] 1 - 1 3cDHn^cc*5c»T, 15 

[is^ 1 5 ] m&m 1-14 o<5jn^cc*5i»T, 
inntm 1 6 ] hisrjs 1-15 <DWtiMc*5i>x, m 

go 

1 8 ] 1-17 (DfiattrtHC*5t>T % bu 

SSI 1 «#E»4»r2«^IB»£©«^«filES*ittC» 

tern 1 i^»^8ifits c t *««tr & j»n^^ 

[0 0 0 1] 

6c J: o t A W36 L X mtn Z tf 5 /t&cD^Iifv < 
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[0002] 

m?'ux±i,"c&. flit a. s^±cc^w/cm@«:m 

XWiyt* 3 Hi & i> ©*> . EmttJl i-SOHI-C 
«ffiftEnttlOra««^-*SSB3-«**Ci«:J:0, e© 

[0003] ttc EEmm*zmmutct><Dt l-cb. io 

ff^g - 5 0 4 3 8 mQM.fc&.hinZ> «fc 
fc&tt©E^^©*B«:»JS^#>€>&2> 5 v-B*Jf5 

nffi § -er am*©:^^* £ t ©fctssss *vcc> 

So 

[0004] 

ffiS-C^O. C©t8ii©i#£. EWRT-*-t©S*:£l*J. .20 

•c^srr si3i*fis*MEt>4u5^#£>&. 

[0 0 0 5] */c> {SltiOym&teLXi*. El^+?:« 

b. ^n-ensuxg-ejiM § n s /c»»i*ia*«JB«t"c 

[ooob] xmrn*. c©ct ^ sr*ts«:ffli#> 
©ift«b£AS LT»*ttUB*iSi±s-&r s Nib^ft 
±^-tf^i^Cc/J^. m^-Mti^t U lot! 
^^*(6]±-r-2.C £©r££7fc^IJ37vM*©Sgj£:£ 30 

&*ffi#nr -s. c 4 *isjs <t r s . 

[0007] 

[RH*Wiftr4fc»©*S] ±H»t)S»T6** 
HJ|©ft 1 ©&««. ffilftISC) { Ch5ri}lt^l5 
tfft 2 ©m@£ * ZKn&tt W"T S 4 *CC^c?rS 

^M?'* A *©S3ig:fr£K::fol>"t . B«IBStS±K:H?ie.|g 
tti^^^TSISi^ taSalg«l5B J F-±«£:*S»l£*ff* 

jdt-r SXH4, Ma^tt«^-<t©s^*-r2./c*©«^ 40 
^sp*>63i£ai-fxfi4. B«fa.sgsfrs£+K#j£-f -s&g 

St^SU** Or liJf BESJft^f- £ Jf5fi£-T £ fci!>©1fStt 
Jl* IB £. »«HliB±«:«riEE«JR 
^^•^-yfffifSISt, Sl£!I®S^©<°m*>- 
#©*«4SWBlBIWBet84**ft**i«***IS I JS 

S^BE»«B0tt-aiS£. WIE«ttB«rl«*L-Ci!f 
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X*W'< -f * ©$3S^i*K: * * . 
[0 00 8] ft**** 1 ©flRtifctt. EEWR-W)JBtt«: 

[0 00 9] #|feiPI©ft2©J8«tt. ft 1 ©JSHtefcO 
T. BofBggttffliBtS£^j£T£Xfir«:. ^IfcggS&ffliB 

«**fis-r 5 t*«:wiBte*fl!>«»cj8« , r 1 

■SW«»Ab. *oy&%&m 1 «-5fiBiS?4 .mfiBft 2 ffltfe 
JB1BI£4 6 C 4 £1$8*4 * ZX&mf'i A X© 

[0010] 2 ©JWTCtt. S8«iffliB*§4ft 1 

ft#BB«4*«|B|— B-CJtfRS^n^fcii). SJjgXfi^ffiBS 
<bT**&. 

[0 0 1 1 ] *»n<D*3<Dfltli«. ft2©S«Ht*5C> 
r. i9IBiE8!jfflIBIf5^l£T&XfI-C«> 3 6tcffnaH 

smut© k u-Y nr hmzm^r 

[0012] 3 ©«g1f|-era:> lg»iffifiB*g4ft 1 

fg-^ia^ 4 ft 2 ©ft-sf 4 *j|5j— n r» at s n z> fc 

[0013] #2feBE<D»£ 4 ©<&*§«, ft 1 ~3©<5jn^ 

T4$fl«©ttiBEE«3?mc4>ft< 4fcB9IBIim^ J F-?r^ 
«t/fcE«RT«S»tR». mrlfift 1 SC^ft 2 S^ffl 

4 c 4£tSS44-r&3fc^fE7 ; -'-f -f ^©S8ii*S«:**. 
[0014] *>*>4ft4©S8«r«. B:S3f^4fEtb* 
■?■ 4 ©I5i^?:ffifi^^^*g|5|*3 tC tb^e^g K JKSE-C * 

[0015] *^B©ft5©ffi«IB. ft4©«8«fc*$l> 
WXIStSV. BUiaftlRO'ft2S^fflB3^«:^iS 

3msws iiSBrt * -ea» * tir t » * C t * i r * 

[0016] *>*»4*5©1BW"C«. JimmT-4|gSti* 
•T.SC4*ir#-2.„ 

[0017] **I8©»6©»«». ft4X«5©^!1« 

(cfco-r. iinBapttJB%»ss-rsxe©w«:. hew* 

T4C4%«Fm4-r436SEi8f I -''»V^©«Jg^«:* 
■5. 

[0018] j&»*»aJU 6 ©««?«.' »ttfl!>3a«8M** 
[0019] *»W©*7©««B. ft6©§g«lCidC» 

■c. ButaiBKifflBe^s^Hufaft 1 «^iaii*«fE3£i*» 
rtr-HuiaiEKifflS2ifg4mrieftiSiKfflBaiS. s^fyiaft 

1 ©fi^B»i«rsa»2«lftWiE*4**tt"r*C A* 
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[0 02 0] **4fl*7©»aTW:, 

[0 02 1 ] #*I»©SI 8 ©!Ba«U » 1 - 7 ©fiMl* 
©jSaccfc^f . 8frBffi«*?©ffl*l*>— 

^*©«ji;£i£tt£>4o 

[002 2] *>*»4«8C0JS«-C«, ^-ii- 
[0 02 3] ##y!B©» 9 0«a«. 11^7 OfHJtl^ 

[0024] *^>4^9(DSSST*«, «SIR<b WJ5UCCS 

£4* 

[0025] *#y»©i& i o commit, m 9 <omw&c& 

[0 0 2 6 ] frfrzm 1 0©JEM§T«. KS*BW*HE«* 

[0027] #isipj©3r 1 1 commit* mi - 7 <omtt 

mart- 4 ^ ^ -BB«*fi>a < i t— ojBRsr 4 c <t * 
fttt 4 -r 4 *sc«^^ -y * ©«*s h 4 o 
[0 0 2 8 ] &iP&M 1 1 ©ssarra* s ^-bwkj: 

[0029] *mxom 1 2©«a«. si-i 1 <ow 

SSK8S»* 6 — »5n*r5J tt j£*s 4 J&R 4 "T 4 4 ftCCtJE 

[0 03 0] frfrZm 1 2 ©SttTtt. ^ 9 --g*#ffl 

[0 03 1 ] 1 3©!Sa». m 1 - 1 1 <DW 40 

^FSPW*^CDS^rS]-^SP^ffM^4C 4 *r«F«£T 
4 36^89 f^V x co»a*ffi«: %> 4 . 
[003 2] 13 ©««rtt, EX3R=¥-#Ktt 

[003 3] *»»©» 1 4 ©ARai*. » 1 - 1 3©fa 
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^-r*©Kjfi#ffitt:*4. 

[0 034] jta&>4» 1 4 CD^a-C(i. |g«I*^«rS« 
±fcJfc«fl^»K»firc* 4 C 

[0 0 3 5 ] #*9l©St 1 5©JK&tt. » 1 ^ 1 4 CDfHJ 

jKSnfctO^*4Ci*««i"r4i1SCI«9 s ^^^© 
[0 0 3 6] 1 5<DiWTB, «***©«« 

[0 0 3 7 ] #»5!©S* 1 BOlNtt*. ■ »1 - 1 5©fi 

i«W^8R S tifc ^ *r * * C & £ "T 4 3fc 

-r * (om^mc * 4 . 

[0 03 8] *>*>&ff 1 6 ©*§a*m, 3 > * # h *- 
n4o 

[0 039] ^AQiOW 1 7 CDflttttt. »1-16 ©fa 
ti3&>©IBatctet>"C . falSIS 2 ©#E«£ BJiBBM**-^ 

4o 

[0040] -frip&m 1 7 ©asa-cw. m 2 ©ft-^B5^ 
©Nti*> 4^3 <t#iHia©ffln^ £ * jaiR-r 4 c <b -c . 

C*i6^ftr4ap»©BEWR : ?-*jl!R»«cWBp-C* 
4. 

[0 04 1] *^©^ 1 8 ©^a«, $1-1 7 ©f5J 

ti*©ssacc*? t i-c . tuiBH 1 m#i2^4 st 2 

&©&£tf^JK3ft&(r*<):9K. cn6©iBB*SEML/ 
&(,^iatc|eK"r4C<b*»«4r43)SCH^-<^© 

[0042] *>*>4» 1 8 ©j»at?«. * 1 m^ie^i 

»2«#E«i3&sSf»-r4Ct36«a<. cn^ose^* 
[0 04 3] *¥m<Dm 1 9 ©JBaW. $ l - l 8 ©{5J 

n^©ssaccfci^r % mfts® 1 m-sf i2ii£««&-r 4 c <h 

*r «f« 4 T 4 Tfe^P) f/^^ ©HS^FSfiC * 4 . 

[0044] a>*>4 1 9©«ar«, nt 1 mmzt&*& 
mt Lxm 2 mmzwjsafm 3 m-^iB^cc^^tc^E^ 

ttlx.4Ci^-e#4c 
[0 04 5] 

[0 04 6] 1 ) B 1 U» ^SSJfJ^ 1 tC{^4 

36^IH^V^©«BS*^r*4tBH-C*0. H2tt, * 
©— o©5 ^-*3R«rm-r»ffflia"C*4. 

[ 0 0 4 7 ] B 1 CC^T <fc ^^c, $iJl^i(^^if 

(S i ) «Wt«*3hfc5 9-«R] 14, c©s 
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[0 048] ^7-ff20(t «(1 1 28 0X1 
0 2 4»*©2^C7cTU-Y««:Stf6n, S5 5-B3R 
"2 0tt, «ttt. 0 2tc^T<fc^CC, »tt«3 1±*c« 
fiS?n/cTm@M3 2 . SM»M3 3Rt>*±H&M3 4 
*WfSff«R?3 0 C©0Em*-¥-3 0CD±m@K 
3 4 ±CC0S±ffitcMo tR» 6 *i/cKMi 3 5 t 
£ e *tc % «5*-SBR2 0G>*Btt. — ia* 4 

fa2 0*zm<DB5IE:&JI2£WU *<DB**8Stctt«a5r 

tt«3 1 ©***»«cWnWlM*©X»W3 1 a£W 
B*20tt. C©33*»3 1 att^Ut, -J2IBS2 

(cnsdtittc^ ^ ^-s*2 o «nxccfij$*n8& 

[0049]$/c C<D3£}$gfl3 1 aMcntcJflRlf 

WRl l*«Hr*Jtii?L4 0*«»i«StiT*yO. c© 
Sii?L4 OiAL-CBtbSR^S 0 iE**T-3 0CD±S 
fflg3 4SCTF«ffi«3 2 i#tWh«»8htli 

[0050] corawR^s oii, sxm^so^mn 

{CS5^-S*2 0tc^CBLT»W^4i/cn^ + >*^ 
mOJUMMMU 2Cc«fcoTatoftT:fa9. 

gS2o rat; sikhcc*, ccdki i omrsmmm 1 2±&c 

33595 3 1 a^LtSi^titl^c 

[0 0 5 1 ] ccr. EE«*^- 3 oiKM-rsiBBfc*^ 
50-C*5MOS h^>^^^©8*693ft»fiSE4ittlB"r 
£ 0 MOSh7>^^i. 0 3Cc^TJ:^tc, pft^> 
U3>Sfir*-&S^-Stgl 1 <D2ttffilC<£tl?ti f 
+-&F-72tltcV~~A5 1 £ KU-Y>5 2i**-r 
V-^5HCit IBMB3K5 3««:ALtE«K* 
3 0©T*S«3 2tcStftSn, ±16i3 4iC{iSl 
|^7'(>5 4«i5nTl^. J/c K U ^ > 5 2 

«:w»2«^-r>5 53W«»3n-ctet), cnsv- 

*5 1 £ KU^>5 2<h©IHKCtt % y-h!6j|i5 9* 
[0 0 5 2] C©i5&»«0MOS h^>^*#~C 
«EE*EPttrr5£. y- h tfijftlH 5 9 

1ST' *ffiic epjjd s n/c jEo*a i o x jEn&mm 

2«1 icett, »*BWc<fcoT**#Bil3Sft* 
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-*5 1 cc*tor KU-/>5 2tciEcDmE*EnJjp-r^> 

KU-f>5 2K5g«rf£o Tttto^ KU>T>5 

2 i toMicmM&mtvcEEmm^-s o$m 

[0 0 5 3] ccc % #mffiBmcQkZ>EM&?-3 o £ 

18ft*?- 5 OCD— o^iSW^UcflS^^e & 
10 H2tt, i4(DA-AiI^Ti<!:^-5-Ct^. 

[0 054] B2RMg4fc7*TJ:5*c, 3:^§P3 l a 
<D»iI?L4 QlCjtifc-tZmWCDm l ©JMBJMWB 1 2 
te. TlffiI3 2£Blb3fHP5 0©V-X5 1 ££Jg*£ 

5 8 3t^a»»rtt, m i omntfittM 1 2 tc v- 

*5 l^SaT^3>^^ h^-Jl/l 2a#^lft.3ti& 
££=«:. t<D^ls£? h*-;H 2 aCCV-X5 1 CCfg 
ttSft&KttGtll5 3## 1 ©nm«UWK 1 2±£~C5£ 

20 ^»5 8.ittSB»K«5 3iT«ail3 2i^ S 
„ r ' ,! a?L4"0rttcSW^n/c^2(DHPHli|ft»Jil 3±&CRJ§ 

* h*->H 2 aC£fg«jfi2l§l5 3 JiRtclRSE 
S*ri\ mi©HH«»IKl 2KJB«LA::a>** 
-JH2a ^UtTliI3 2 i«tt?Iffi&«flE"r* 
n^cfc<. WiLtf. 3»*h*-*12aK»W 
r*> (W) »©^7ySW«r«RL, cniTlS!3 
2 & It fcJ:0 o 

30 [005 5] */c, C©«^fi^-»5 8©Plffl!J«:tt, ± 
H©j«3 4 1 ft^^ ^>54 £|g» 

0CDKU^>5 2 Icmtft^Z^ 2 ft^-5 ^ > 5 5 

r^tc-en-rnsRsnrc^. 

[0 0 5 6] CCD^HI-Sf-Sr-f >5 4fcfc, ^tt<^feiB 
^fpJ—iggp^}^gP3 1 a©Sil?L4 Ofc?*tf$rrS«H« 
6Ctt«-T4J:5K:RW6n. -tOBR^filOidW'CSS* 
S*iTC>4. *1«#5-Y>54t±«ffi«34 
i«aa?L4 0rtCcR^6nfc*2(DBKI*e*WBIl 3± 

40 tcsR3n/c±«ffifflSiKE«3 ittcjz^xmmstir 

S«1B»3 7*at*ar*$t), SI4K3 5 3&5±«ffiBl3 4 
±^6«il?L4 OrtORJS^©— SBtcSRStiT* 1 
ft #5 -f > 5 4 <D«*r5l-»ao»a»5 4 a tCjg^S 
ftT^S. a*J. SS^K3 5 <t±^@ffllg^S2tS3 7 <t 

[ 0 0 5 7 ] ccr, Ttt&ffi&ttEtR3 B i±«Sffl 
KttiBtK3 7%MteZ>5Lmm3 5 4«. *^mi»j«-c 
« k 0— 5pffi±*C*4^2(DHfflte)»Sl 3±CC®R§ 
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stasia 3 6, 3 7«, mnotifcWMn * o wctm 

[0 05 8] S/c, »2«#^>5 5B, 
50©FU-f>5 2«:«|fl|fft««©Jlll ©BBBBB 
4:>5 2£Stt34vCl>S. 

[0 0 5 9] CO<fc.9ttttirctt. ±ifiOJ:5ttW»JR 10 
?5 0OBfl%J:9. ^MOffim^T-3 0CcilJHWw:^ 

[006 0] C<D<fc 5 tt«OBIJ»MHtB^<-f * 1 
B, «T©Iirc»*l>fc. fcte. H5KMS6B, * 

[0 06 1 ] 05(a) CCtRTJ:5K:> pSSOS' 

OtBBLfcS^-BBl 1 ±tctt 1 <DBBIBMt 1 2 

«ooy-^5 itc*^-r&B*«cv-*5 i ^saj 
IBHMWill 2©»K«. *6li»»'C*titf»K:lHS3ti 

[0 06 2] ^CCC. 05(b) teSVTcfcSK:, SfJl <DH 

bbbbi 2_bc % mmm&5 3. >5 4 

[0 0 6 3] 15 (c) CC^TJ:^^, «Jft®7 

0 4Jf5fiS*T5<!:ftW:/^-^>^L/rS5 ^-5SS2 0 
«C»j£l,T«ttBB*»7 1*#J8W*. C(DiU17 
OB. &£^-B*2 OtCttl£OT3tfS«3 1 a*JB«E 

(PSGJfifC^CiWJK, *»B»»T 40 
tt % h#Jt«fl«C»PSG*«C»&. 
[0 064] ^CK, 05(d) (t*VrJ:5Ct. m®M 7 

1, THt@Bi3 2> E«(*B3 3RO'±m@M3 4*Jl 

yes® 1" So 

[0 06 5] S* te« 3 1 ©tWB. BttMRWCSo 
Bff3E0BttWr*t*f4"C**iK. WWRjes tittle 

B. 500-1200 ■c©l£«jpr(*BMkLr»{ty^ 

n^^A^€>&4»tt«3 1 <t L/c 0 50 
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[0066] T1SS3 2 

^-y;bftrffiI*r^El»13 3(1 «EB«k::*:* 
»B*TXH««»B*Tr6 oo-io o-o-csft© 

fttofe, TIil3 2WW, C<D«fc5ttflHB. Kit 

mf*J13 3il,tff>K^3>»ffi (PZT) £/f§ 
c^/cffl^&cB, BtftlS (PbO) <&t£tMc<J:*BBtt<D 

[0 0 6 7 ] 11^13 3<DWf4i UTB, ^^>^ 
JU:s>&IS (PZT) ^O^f4^W^b<, 436N0&B 

gB^eBis-c^Mbu s^tiss^js-rsc^ 

<*B3 3£ff5J&L/c ttte, COffm&If 3 3CDJ&^;£ 
SB. #«cBS£3Jvr, WZ-ttA^y*')>?&~CBf& 

[0 0 6 8 ] 5 i/Jb- *MI/ffiXB*'* * * 0 > y 

rim vfc®m^<DmEE&m^tr{&mT&iLf&m2 

[0 0 6 9 ] ±SSM3 4 B> *BttO*lr»tmr*h 
B£<, TJ^^^A, S^CD^<CD 

&b*\ B«4B^btt^*«fflr*s. ^mmmmv 

[0 07 0 ] ^tc, 06 (a) K:5VS"J;^tt:. JE^^T* 

3 o*ffif&?z±mmm3 45^1*133^^ 

>ytCj:0^^-^>y'rSc i^t. 06 (b) Km 
T<£0K. TBBB3 2au 6 »tt«3 l*x**>y«C 

1^3 0 iftfc, ^JEm*^3 OCDBgtf^ 

SBtcBtbiBBs 3RD c ^nt-^^-f>5 4^sm-rsm 

ii?L4 OiJBfiS-rS. C<D<L£. T^SJ^3 2 0S317L 

4 0 flB0B»«:*a: < £ feElftl 33J;*) t rtWJfcfl 

[0 0 7 1 ] 06(c) tc^-TJ:^^, 

3 0RO'»ii?L4 0*B^-C»2<DBPJjttBRl 3 ^rff$ 
ffit^i^^-^>^^, l¥U<B, />-^^^> 
ytciOv ±BffiB3 7±CCPI4S»*J8!0-cn«*rifilB5 
^BCCM^T±BffiB3 4*«BlB'ri±B«BaSP3 4 
a*MT4iWc. TBSSB3 2±CcnJS*rfii<D— SB 

©^ffi^Bffi"raT«ffiBwaJ3 2 a^^r^c 3 e 

tc. =5-Xt51 l±©|gttie^5 3±CC^j:<i4>-E- 
It. Bl«-^7-Y>5 4±c[>— SB^Bffl-rSB-^^-O 
[0 0 7 2 ] C©J:5CCB2©BBBBB1 3*^*- 
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->;yTSC£tcJ:9. C©»2<DJBIH*atail 3(c«fc 

■o x . uToxm-cBBb s ti 6 r^mmmmm 3 6 1 

±mSiffl^ie^3 7 4©*feii#06nS4£*:. IBM 
gH|g5 3 4mM#7^>5 4 4©iS&lfW>5@6*l£. ft 

*$. com 2 a>jBmMunBi i 3©*miu». 

[007 3] &«C. i6 (d) KiSTJ^K:. ±*ffiBI 

3 4±«cS«il3 5S:»fiSr4 4*tc. Mffi?L4 0©rt 
JOT(CT*&ffl&ttESt 3 6 . ±mgfflS^B2^ 3 7 * 10 

mm?*. #mn&t&-e b. ssitK3 5*j±*sffl«^ 
iag3 6 4B. ^pug. -r&fc^. m-m^-yxm 

fcSI5l£3 6 £&&KttBWH8 1 %±«iI3 4±*e. 
Rji?L4 0©rtffi«:M-^T^fiS-r-5i^«:, — 
^UT#fSt^£C4tC«fcDffJi&-r&C4#-C£&,, -r& 
*>*>. ±*&IB3 4±B8:£ffiK:M->-tKtJJg3 5£JfJJiR 
tSiJttt. Sii?L4 0©RJH5?I«a<D— SIUeEftHjl3 5 
©-S5^e»iS^L/t:fi^^^>^mgi55-4 a $-c_km© 20 

mmm&&3 7£&isrfs. s^k, sa?L4o©R^ 

]£r6j©— S|Ht, T^@M&tUSB3 2 a 4SE»)ie^fStBg|5 
5 3 a 4 *S^-rSTm@ffl^I2*g3 6 *JfMT£. 
[0074] tt*. t ©J: 5 ttJgMffiWR6 1 ©t*f44 

(A 1 ) XttfR (Ag) »*ffll>4Ci*i»*Lt,>. 
[0 0 7 5] -e©^. fMl«7 0*X9^>^JC«fc»)l» 

s-r-s. st^asj^as-cB, iai7o©fisiLt, p 30 

Lfc. fc*J. ^y->U=i>4rflac^c^(CB, #3^S.O* 
«§©©*&£*&*. $>-S^B7K^b*';^A*^^Cj; 

[0 07 6] «±* s . ^flJg^SS©*^?-? 5 ^-/;*©-- 
il©«jtX|i-r-$>S. ftfc. f£2il-Sf 5>-f>5 5 4fE» 
JSI-?- 5 0 © K U > 5 2 4©}g£SCtOt,>rBtaW b-Ct» 

^«Jl5*B5 3 4V-*5 1 4©}gi|£g|J4|BJ*i* 
(C. KW>5 2tC>Ft|S]-r-l>^Ji©lll©liFiite^»l 

2tc»a?L^4Jf^-r-5ci(cj;0^2fi-^-7'i'>5 5 40 

4 k u -y > 5 2 4 t». 

[0077] CC-C. C © J: 5 tl/c^J&gSS 
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